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(57)Abstract: 

PURPOSE: To enable charging/discharging of large current 
even at a room temperature by including a polymer of 
organic disulfide compound which enables oxidation- 
reduction, a conductive material and a binding agent, and 
thereby enabling charging and discharging. 
CONSTITUTION: A coin type battery for which an Li metal 
negative electrode 4 is used, comprises a positive electrode 
1 , a case 2, a separator 3, a gasket 5, and a sealing plate 6. 
The polymer forming the electrodes 1 , 4 contains an organic j 
disulfide compound serving as active material, a binding I 
agent and a conductive material, and provides a reversible 
electrode. The polymer of the organic disulfide compound 
provides a reversible electrode which enables 
charging/discharging of large current even at a room 
temperature, and even when the electrode is used as the 
positive electrode 1 for a lithium electrode, discharging can 
be carried out without imparing high energy density. An 
excellent battery of stable cycle life is thus provided. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A reversibility electrode containing a polymer, a conducting material, and a binder of an 
organic disulfide system compound in which an oxidation-reduction reaction is possible. 
[Claim 2]The reversibility electrode according to claim 1 whose polymer of said organic disulfide 
system compound is a homopolymer of 2,5-dimercapto-1 ,3,4-thiadiazole or thiocyanuric acid, or 
both copolymer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the reversibility electrode used for electrochemical 

elements, such as a rechargeable battery or an electrochromic element. 

[0002] 

[Description of the Prior Art]If a conductive polymer is used for an electrode material, it is 
lightweight, and since realization of electrochemical elements, such as a biochemistry sensor using 
the cell of high energy density, the electrochromic element of a large area, and microelectrode, is 
expectable, practical use of the conductive polymer electrode is considered briskly. It started in the 
polyacethylene which Shirakawa and others discovered in 1971, pi electron conjugated system 
conductive polymers, such as poly aniline, polypyrrole, poly acene, and a polythiophene, were found 
out, and the rechargeable battery using these as an electrode has reached for developing. As an 
energy density of the electrode using these conductive polymers, it will be 250 - 400 Wh/kg per 
conductive polymer, and the effectual energy density in the stage which constitutes a actual cell will 
be these about 10 to 30%, i.e., 20 - 120 Wh/kg. On the other hand, the disulfide system compound is 
proposed by US,4,833,048,B as organic materials which can expect one 4 times [ twice to ] the high 
energy density of this. It is expressed with the easiest form R-S-S-R, an SS linkage cleaves by 
electrolytic reduction, and this compound generates the salt expressed with the cation (M + ) in an 
electrolytic bath, and R-S~-M + . This salt has the character to return to original R-S-S-R again by 
electrolytic oxidation. The metal-sulfur rechargeable battery which combined the metal M which 
supplies a cation (M + ) and is caught, and a disulfide system compound is proposed by the above- 
mentioned United States patent, and it is supposed that an even match or the energy density 
beyond it is expectable in 1 50 Wh/kg and the usual rechargeable battery per cell. 
[0003] However, the disulfide system compound proposed, As the artificers of US,4,833,048,B have 
reported by the journal electrochemical society, the 136th volume, and 2570-2575 pages (1989), For 
example, in electrolysis of the tetraethylthiuram disulfide (** 1), the potential of oxidation and 
reduction is separated V or more [ 1 ]. 

According to the place which an electrode reaction theory teaches, the electrochemical reaction in 
such a material, The electronic transition process was very late, therefore it had SUBJECT that it 
was difficult to take out the big current corresponding to practical use, for example, the current 
more than 1 mA/cm 2 , and it was restricted to the 1 00-200 ** use in an elevated temperature, near 
the room temperature. 

[0004] 
[Formula 1] 
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c 2Hs x C a H s 

N — C — S — S — C — N 
<W I I N C 2 H S 

[0005] According to the place which the same artificers have reported by the journal electrochemical 
society, the 139th volume, and 2077-2081 pages (1992). The homopolymer of 2,5-dimercapto-1 ,3,4- 
thiadiazole (** 2) or ethanedithiol (** 3), or both copolymer, The cell which used the copolymer of 
2,5-dimercapto-1,3,4-thiadiazole and 2-mercaptoethyl ether (** 4), etc. as the active material is 
evaluated. Although they constitute the cell combining these electrodes that mixed polyethylene 
oxide and a salt with a polymer and carbon as ion-conductive Polymer Division, the electrolyte 
which consists of polyethylene oxide and a salt, and Li metal, they need an operation at 90-1 10 **. 
[0006] 
[Formula 2] 
N-N 

[0007] 

[Formula 3] 

H S — CH a C H a - S H 

[0008] 
[Formula 4] 

HS-CH 2 CH a -0-CH 2 CH2-SH 

[0009]According to the place which the same artificers have reported by the journal electrochemical 
society, the 137th volume, and 1 191-1 192 pages (1990). The cell using anode graphite and negative- 
electrode lithium has reported having repeated charge and discharge with the high current density of 
16mA[/cm ] 2 at the room temperature by using as battery active material the tetraethylthiuram 
disulfide dissolved in dimethyl sulfoxide. Although 3.4 mA/cm 2 was examining the cycle 
characteristic, since depth of discharge was stopped to 10% in any case, it was low capacity. 
[0010] 

[Problem(s) to be Solved by the Invention]As mentioned above, near the room temperature, the 
electrode which uses as an active material the organic disulfide system compound by which the 
conventional proposal is made was difficult to take out a high current, and lacking in practicality — 
capacity is low. This invention solves such a problem and an object of this invention is to provide 
the reversibility electrode in which the charge and discharge in a high current are possible also at a 
room temperature. 
[0011] 

[Means for Solving the Problem]A reversibility electrode of this invention uses a polymer of an 
organic disulfide system compound as an active material, and contains a binder and a conducting 
material further. As a polymer of an organic disulfide system compound, a homopolymer of 2,5- 
dimercapto-1,3,4-thiadiazole or thiocyanuric acid (** 5) or both copolymer is used. In order to 
obtain an electrode for rechargeable batteries excellent in especially reversibility, it is preferred that 
a mole ratio of 2,5-dimercapto-1 ,3,4-thiadiazole and thiocyanuric acid uses a copolymer which is 1 :1 
to 20:1. 
[0012] 
[Formula 5] 
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[0013] 

[Function]The polymer of the 2,5-dimercapto-1 ,3,4-thiadiazole which constitutes the electrode of 
this invention is expressed with ** 6, and the thing of the degree of polymerization n= 2-50 and the 
molecular weights 300-7500 is used. 
[0014] 
[Formula 6] 




[0015]The polymer of thiocyanuric acid is expressed with ** 7, and the thing of the degree of 
polymerization n= 2-50 and the molecular weights 350-8500 is used. 
[0016] 
[Formula 7] 




[001 7]Polymers of an organic JISUFIRUDO system compound, such as these polymers and a 
copolymer of 2,5-dimercapto-1,3,4-thiadiazole and thiocyanuric acid, give the reversibility electrode 
in which high current charge and discharge are possible also at a room temperature. Without spoiling 
the feature of having the high energy density of a lithium cell, even if it uses as an anode for lithium 
cells, charge and discharge are possible and the cycle characteristic stable moreover is given. In 
order to obtain the anode for rechargeable batteries excellent in especially reversibility, it is 
preferred that the mole ratio of 2,5-dimercapto-1,3,4-thiadiazole and thiocyanuric acid uses the 
copolymer which is 1:1 to 20:1. A fluoro-resin, ion-conductive polymer, etc. are used as a binder. As 
ion-conductive polymer, the copolymer of end crosslinked polymer of the copolymer of polyethylene 
oxide, and ethylene oxide and propylene oxide, polyacrylonitrile, acrylonitrile, and methacrylic acid, 
etc. are raised. As a conducting material, conductive polymers which are carbon fiber, black lead, 
graphite, a metal powder, etc., such as others and poly aniline, a polythiophene, polypyrrole, and poly 
para-phenylene, can be used. 

[001 8]When using as an anode of a lithium secondary battery, the electrolysis solution which 
dissolved alkali metal salt in the nonaqueous solvent is used as an electrolyte effective in an 
operation at a room temperature. As a nonaqueous solvent, the mixed liquor of propylene carbonate, 
propylene carbonate, and dimethoxyethane. The mixed liquor of propylene carbonate and a 
tetrahydrofuran, the mixed liquor of sulfolane and dimethoxyethane, The mixed liquor of sulfolane 
and a tetrahydrofuran, etc. are raised for lithium perchlorate and lithium trifluoromethanesulfonate, 
tetrafluoride lithium borate, lithium hexafluorophosphate, etc. as alkali metal salt again, respectively. 
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The polymer electrolyte having contained these electrolysis solutions can also be used. As such 
polymer, there are end crosslinked polymer of polyethylene oxide or polypropylene oxide, end 
crosslinked polymer of the copolymer of ethylene oxide and propylene oxide, polyacrylonitrile, 
acrylonitrile, copolymerization polymer of methacrylic acid, etc. However, it is not limited to these. 
[0019] 

[Example]Below, the example of this invention is described in detail. 

[Working example 1] 10 g of 2,5-dimercapto-1,3,4-thiadiazole (made in Tokyo Chemicals) and 5.85 g 
of lithium hydroxide monohydrate were dissolved in 200 ml of water, and it was considered as A 
liquid. Independently, the iodine 16.9g and 33.9 g of lithium iodide dihydrate were dissolved in 400 ml 
of water, and it was considered as B liquid. Stirring A liquid, adding B liquid was continued and 
oxidative polymerization was performed. After having separated the generated precipitation, and 
hexane, acetone, and water having washed one by one and removing an unreacted material, vacuum 
drying was performed at 60 ** for 10 hours. Yield is 90% and output melted into neither water nor 
ethanol nor ether. Since it was meltable to these solvents in the monomer, it checked that output 
was a polymer. 5 g and 2 g of polytetrafluoroethylene (made by poly chlorofluocarbon F-104 Daikin 
Industries) are mixed in the polymer powder 1g of the 2,5-dimercapto-1,3,4-thiadiazole created by 
the above-mentioned method, and the end (made by graphitization gaseous phase method carbon 
fiber Showa Denko) of carbon powder, The lump of gum paste state was created with the mortar. 
This lump was ground and it was considered as positive electrode mixture. Pressing of 1 50 mg of 
this mixture was carried out into the positive electrode case using the metallic mold. Tetrafluoride 
lithium borate was dissolved in the mixed solvent of the volume ratio 1:1 of propylene carbonate and 
dimethoxyethane by 1 M concentration, and it was considered as the electrolysis solution. 
[0020]The coin type cell as shown in drawing 1 using an aforementioned anode, electrolysis solution, 
and Li metal negative electrode was constituted. As for a separator and 4, in drawing 1 , an anode 
and 2 are [ a gasket and 6 ] obturation boards a negative electrode and 5 a case and 3 1 . When the 
cyclic test of charge and discharge was done for the above-mentioned cell between 3.5V and 2.65V 
by the constant current of 1 mA/cm 2 , the discharge curve which has flat discharge potential was 
obtained, early capacity was as high as 90% of the theoretical value, and 80% of capacity of initial 
capacity was maintained by the 50th time. When charge and discharge were repeated between 3.5V 
and 2.0V, early capacity was as high as 90% of the theoretical value, and 50% of capacity of initial 
capacity was maintained by the 50th time. 

[0021] [Working example 2] 10.0 g of thiocyanuric acid (made in Tokyo Chemicals) and 7.10 g of 
lithium hydroxide monohydrate were dissolved in 200 ml of water, and it was considered as A liquid. 
Independently, the iodine 21. 5g and 43.2 g of lithium iodide dihydrate were dissolved in 400 ml of 
water, and it was considered as B liquid. Stirring A liquid, adding B liquid was continued and oxidative 
polymerization was performed. After having separated the generated precipitation, and hexane, 
acetone, and water having washed one by one and removing an unreacted material, vacuum drying 
was performed at 60 ** for 10 hours. Yield is 90% and output melted into neither water nor ethanol 
nor ether. Since it was meltable to these solvents in the monomer, it checked that output was a 
polymer. 

[0022]5 g and 2 g of polytetrafluoroethylene (made by poly chlorofluocarbon F-104 Daikin 
Industries) were mixed in the homopolymer powder 1g of the thiocyanuric acid created by the 
above-mentioned method, and the end (made by graphitization gaseous phase method carbon fiber 
Showa Denko) of carbon powder, and the lump of gum paste state was created with the mortar. This 
lump was ground and it was considered as positive electrode mixture. Pressing of 1 50 mg of this 
mixture was carried out into the positive electrode case using the metallic mold, and the same coin 
type cell as working example 1 was constituted. When the cyclic test of charge and discharge was 
done for this cell between 3.5V and 2.55V by the constant current of 1 mA/cm 2 , the discharge 
curve which has flat discharge potential was obtained, early capacity was as high as 70% of the 
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theoretical value, and 56% of capacity of initial capacity was maintained by the 50th time. 
[0023] [Working example 3] 7.5 g of 2,5-dimercapto-1,3,4-thiadiazoIe (made in Tokyo Chemicals), 2.5 
g of thiocyanuric acid (made in Tokyo Chemicals), and 6.07 g of lithium hydroxide monohydrate were 
dissolved in 200 ml of water, and it was considered as A liquid. Independently, the iodine 18.4g and 
36.9 g of lithium iodide dihydrate were dissolved in 400 ml of water, and it was considered as B 
liquid. Stirring A liquid, adding B liquid was continued and oxidative polymerization was performed. 
After having separated the generated precipitation, and hexane, acetone, and water having washed 
one by one and removing an unreacted material, vacuum drying was performed at 60 ** for 1 0 
hours. Yield is 87% and output melted into neither water nor ethanol nor ether. Since it was meltable 
to these solvents in the monomer, it checked that output was a polymer. 5 g of 2,5-dimercapto- 
1 ,3,4-thiadiazole, the copolymer powder 1g of the mole ratio of 3:1 of thiocyanuric acid, and the end 
of carbon powder (made by graphitization gaseous phase method carbon fiber Showa Denko) and 
polytetrafluoroethylene (poly chlorofluocarbon .) which were created by the above-mentioned 
method F-104 The Daikin Industries make 2g was mixed and the lump of gum paste state was 
created with the mortar. This lump was ground and it was considered as positive electrode mixture. 
Pressing of 150 mg of this mixture was carried out into the positive electrode case using the 
metallic mold, and the coin type cell was constituted like working example 1 . 
[0024]When the cyclic test of charge and discharge was done for this cell between 3.5V and 2.55V 
by the constant current of 1 mA/cm 2 , the discharge curve which has flat discharge potential was 
obtained, early capacity was as high as 77% of the theoretical value, and 90% of capacity of initial 
capacity was maintained by the 50th time. 

[Working example 4] 8.33 g of 2,5-dimercapto-1 ,3,4-thiadiazole (made in Tokyo Chemicals), 1.67 g of 
thiocyanuric acid (made in Tokyo Chemicals), and 6.00 g of lithium hydroxide monohydrate were 
dissolved in 200 ml of water, and it was considered as A liquid. Independently, the iodine 18.2g and 
36.4 g of lithium iodide dihydrate were dissolved in 400 ml of water, and it was considered as B 
liquid. Stirring A liquid, adding B liquid was continued and oxidative polymerization was performed. 
[0025]After having separated the generated precipitation, and hexane, acetone, and water having 
washed one by one and removing an unreacted material, vacuum drying was performed at 60 ** for 
10 hours. Yield is 85% and output melted into neither water nor ethanol nor ether. Since it was 
meltable to these solvents in the monomer, it checked that output was a polymer. 5 g of 2,5- 
dimercapto-1 ,3,4-thiadiazole, the copolymer powder 1g of the mole ratio of 5:1 of thiocyanuric acid, 
and the end of carbon powder (made by graphitization gaseous phase method carbon fiber Showa 
Denko) and polytetrafluoroethylene (poly chlorofluocarbon .) which were created by the above- 
mentioned method F-1 04 The Daikin Industries make 2g was mixed and the lump of gum paste state 
was created with the mortar. This lump was ground and it was considered as positive electrode 
mixture. Pressing of 150 mg of this mixture was carried out into the positive electrode case using 
the metallic mold, and the coin type cell was constituted like working example 1. When the cyclic 
test of charge and discharge was done between 3.5V and 2.55V by the constant current of 1 
mA/cm 2 , the discharge curve which has flat discharge potential was obtained, early capacity was as 
high as 87% of the theoretical value, and 98% of capacity of initial capacity was maintained by the 
50th time. 

[0026] [Working example 5] 9.10 g of 2,5-dimercapto-1 ,3,4-thiadiazole (made in Tokyo Chemicals), 
0.90 g of thiocyanuric acid (made in Tokyo Chemicals), and 5.72 g of lithium hydroxide monohydrate 
were dissolved in 200 ml of water, and it was considered as A liquid.Independently, the iodine 1 7.3g 
and 34.7 g of lithium iodide dihydrate were dissolved in 400 ml of water, and it was considered as B 
liquid. Stirring A liquid, adding B liquid was continued and oxidative polymerization was performed. 
After having separated the generated precipitation, and hexane, acetone, and water having washed 
one by one and removing an unreacted material, vacuum drying was performed at 60 ** for 1 0 
hours. Yield is 80% and output melted into neither water nor ethanol nor ether. Since it was meltable 
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to these solvents in the monomer, it checked that output was a polymer. 5 g of 2,5-dimercapto- 
1,3,4-thiadiazole, the copolymer powder 1g of the mole ratio of 10:1 of thiocyanuric acid, and the 
end of carbon powder (made by graphitization gaseous phase method carbon fiber Showa Denko) 
and polytetrafluoroethylene (poly chlorofluocarbon F-104.) which were created by the above- 
mentioned method The Daikin Industries make 2g was mixed and the lump of gum paste state was 
created with the mortar. This lump was ground and it was considered as positive electrode mixture. 
Pressing of 150 mg of this mixture was carried out into the positive electrode case using the 
metallic mold, and the coin type cell was constituted like working example 1. When the cyclic test of 
charge and discharge was done between 3.5V and 2.55V by the constant current of 1 mA/cm 2 , the 
discharge curve which has flat discharge potential was obtained, early capacity was as high as 82% 
of the theoretical value, and 95% of capacity of initial capacity was maintained by the 50th time. 
[0027][Comparative example] 5 g and 2 g of polytetrafluoroethylene (made by poly chlorofluocarbon 
F-104 Daikin Industries) are mixed in the 2,5-dimercapto-1,3,4-thiadiazole (made in Tokyo 
Chemicals) powder 1g, and the end (made by graphitization gaseous phase method carbon fiber 
Showa Denko) of carbon powder, The lump of gum paste state was created with the mortar. This 
lump was ground and it was considered as positive electrode mixture. Pressing of 1 50 mg of this 
mixture was carried out into the positive electrode case using the metallic mold, and the coin type 
cell was constituted like working example 1. When the cyclic test of charge and discharge was done 
between 3.5V and 2.55V by the constant current of 1mA[/cm ] 2 , in the first charge and discharge, 
the discharge curve which has flat discharge potential was obtained, but it became 1 0% of capacity 
of initial capacity by the 10th time. The above result was summarized in Table 1 and shown. While 
the charge and discharge in a high current are comparatively possible for the electrode by working 
example, its capacity factor is also high and the cycle life is also excellent, so that clearly from 
Table 1. 
[0028] 

[Table 1] 





oho 
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90 


72 


mm 


70 


40 


mmz 


77 


70 




87 


85 




82 


78 


mm 


80 


8 



[0029]In working example, although metal lithium is used as a negative electrode of a rechargeable 
battery, the carbon compound negative electrode etc. which comprise a lithium alloy, carbon and Al 
powder, and solid electrolytes, such as Li-aluminum, can be used. 
[0030] 

[Effect of the Invention]According to this invention, the reversibility electrode in which the charge 
and discharge in a high current are comparatively possible can be obtained. 



[Translation done.] 
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TECHNICAL FIELD 



[Industrial Application]This invention relates to the reversibility electrode used for electrochemical 
elements, such as a rechargeable battery or an electrochromic element. 
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1. This document has been translated by computer. So the translation may not reflect the original 
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PRIOR ART 



[Description of the Prior Art]If a conductive polymer is used for an electrode material, it is 
lightweight, and since realization of electrochemical elements, such as a biochemistry sensor using 
the cell of high energy density, the electrochromic element of a large area, and microelectrode, is 
expectable, practical use of the conductive polymer electrode is considered briskly. It started in the 
polyacethylene which Shirakawa and others discovered in 1971, pi electron conjugated system 
conductive polymers, such as poly aniline, polypyrrole, poly acene, and a polythiophene, were found 
out, and the rechargeable battery using these as an electrode has reached for developing. As an 
energy density of the electrode using these conductive polymers, it will be 250 - 400 Wh/kg per 
conductive polymer, and the effectual energy density in the stage which constitutes a actual cell will 
be these about 10 to 30%, i.e., 20 - 120 Wh/kg. On the other hand, the disulfide system compound is 
proposed by US,4,833,048,B as organic materials which can expect one 4 times [ twice to ] the high 
energy density of this. It is expressed with the easiest form R-S-S-R, an SS linkage cleaves by 
electrolytic reduction, and this compound generates the salt expressed with the cation (M + ) in an 
electrolytic bath, and R-S"-M + . This salt has the character to return to original R-S-S-R again by 
electrolytic oxidation. The metal-sulfur rechargeable battery which combined the metal M which 
supplies a cation (M + ) and is caught, and a disulfide system compound is proposed by the above- 
mentioned United States patent, and it is supposed that an even match or the energy density 
beyond it is expectable in 1 50 Wh/kg and the usual rechargeable battery per cell. 
[0003] However, the disulfide system compound proposed, As the artificers of US,4,833,048,B have 
reported by the journal electrochemical society, the 136th volume, and 2570-2575 pages (1989), For 
example, in electrolysis of the tetraethylthiuram disulfide (** 1), the potential of oxidation and 
reduction is separated V or more [ 1 ]. 

According to the place which an electrode reaction theory teaches, the electrochemical reaction in 
such a material, The electronic transition process was very late, therefore it had SUBJECT that it 
was difficult to take out the big current corresponding to practical use, for example, the current 
more than 1 mA/cm 2 , and it was restricted to the 1 00-200 ** use in an elevated temperature, near 
the room temperature. 

[0004] 
[Formula 1] 

C 2 Hs x X C 2 H S 

N — C — S — S — C — N 
U 2 M 5 g g W M 5 

[0005]According to the place which the same artificers have reported by the journal electrochemical 
society, the 139th volume, and 2077-2081 pages (1992). The homopolymer of 2,5-dimercapto-1,3,4- 
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thiadiazole (** 2) or ethanedithiol (** 3), or both copolymer, The cell which used the copolymer of 
2,5-dimercapto-1,3,4-thiadiazole and 2-mercaptoethyl ether (** 4), etc. as the active material is 
evaluated. Although they constitute the cell combining these electrodes that mixed polyethylene 
oxide and a salt with a polymer and carbon as ion-conductive Polymer Division, the electrolyte 
which consists of polyethylene oxide and a salt, and Li metal, they need an operation at 90-1 10 **. 
[0006] 
[Formula 2] 



[0007] 

[Formula 3] 

H s - CH S C Hs>- s H 

[0008] 
[Formula 4] 

HS-CH 2 CH2-0-CH 2 CH 2 -SH 

[0009]According to the place which the same artificers have reported by the journal electrochemical 
society, the 137th volume, and 1 191-1 192 pages (1990). The cell using anode graphite and negative- 
electrode lithium has reported having repeated charge and discharge with the high current density of 
1 6mA[/cm ] 2 at the room temperature by using as battery active material the tetraethylthiuram 
disulfide dissolved in dimethyl sulfoxide. Although 3.4 mA/cm 2 was examining the cycle 
characteristic, since depth of discharge was stopped to 10% in any case, it was low capacity. 



[Translation done.] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.ip... 5/24/2010 



N-N 




JP,06-283175,A [EFFECT OF THE INVENTION] 



Page 1 of 1 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention]According to this invention, the reversibility electrode in which the charge 
and discharge in a high current are comparatively possible can be obtained. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention]As mentioned above, near the room temperature, the 
electrode which uses as an active material the organic disulfide system compound by which the 
conventional proposal is made was difficult to take out a high current, and lacking in practicality — 
capacity is low. This invention solves such a problem and an object of this invention is to provide 
the reversibility electrode in which the charge and discharge in a high current are possible also at a 
room temperature. 
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[Means for Solving the Problem]A reversibility electrode of this invention uses a polymer of an 
organic disulfide system compound as an active material, and contains a binder and a conducting 
material further. As a polymer of an organic disulfide system compound, a homopolymer of 2,5- 
dimercapto-1,3,4-thiadiazole or thiocyanuric acid (** 5) or both copolymer is used. In order to 
obtain an electrode for rechargeable batteries excellent in especially reversibility, it is preferred that 
a mole ratio of 2,5-dimercapto-1,3,4-thiadiazole and thiocyanuric acid uses a copolymer which is 1:1 
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OPERATION 



[Function]The polymer of the 2,5-dimercapto-1,3,4-thiadiazole which constitutes the electrode of 
this invention is expressed with ** 6, and the thing of the degree of polymerization n= 2-50 and the 
molecular weights 300-7500 is used. 
[0014] 
[Formula 6] 



[001 5]The polymer of thiocyanuric acid is expressed with ** 7, and the thing of the degree of 
polymerization n= 2-50 and the molecular weights 350-8500 is used. 
[0016] 
[Formula 7] 



[001 7]Polymers of an organic JISUFIRUDO system compound, such as these polymers and a 
copolymer of 2,5-dimercapto-1,3,4-thiadiazole and thiocyanuric acid, give the reversibility electrode 
in which high current charge and discharge are possible also at a room temperature. Without spoiling 
the feature of having the high energy density of a lithium cell, even if it uses as an anode for lithium 
cells, charge and discharge are possible and the cycle characteristic stable moreover is given. In 
order to obtain the anode for rechargeable batteries excellent in especially reversibility, it is 
preferred that the mole ratio of 2,5-dimercapto-1,3,4-thiadiazole and thiocyanuric acid uses the 
copolymer which is 1:1 to 20:1. A fluoro-resin, ion-conductive polymer, etc. are used as a binder. As 
ion-conductive polymer, the copolymer of end crosslinked polymer of the copolymer of polyethylene 
oxide, and ethylene oxide and propylene oxide, polyacrylonitrile, acrylonitrile, and methacrylic acid, 
etc. are raised. As a conducting material, conductive polymers which are carbon fiber, black lead, 
graphite, a metal powder, etc., such as others and poly aniline, a polythiophene, polypyrrole, and poly 
para-phenylene, can be used. 

[0018]When using as an anode of a lithium secondary battery, the electrolysis solution which 
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dissolved alkali metal salt in the nonaqueous solvent is used as an electrolyte effective in an 
operation at a room temperature. As a nonaqueous solvent, the mixed liquor of propylene carbonate, 
propylene carbonate, and dimethoxyethane, The mixed liquor of propylene carbonate and a 
tetrahydrofuran, the mixed liquor of sulfolane and dimethoxyethane, The mixed liquor of sulfolane 
and a tetrahydrofuran, etc. are raised for lithium perchlorate and lithium trifluoromethanesulfonate, 
tetrafluoride lithium borate, lithium hexafluorophosphate, etc. as alkali metal salt again, respectively. 
The polymer electrolyte having contained these electrolysis solutions can also be used. As such 
polymer, there are end crosslinked polymer of polyethylene oxide or polypropylene oxide, end 
crosslinked polymer of the copolymer of ethylene oxide and propylene oxide, polyacrylonitrile, 
acrylonitrile, copolymerization polymer of methacrylic acid, etc. However, it is not limited to these. 
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EXAMPLE 



[Example]Below, the example of this invention is described in detail. 

[Working example 1] 10 g of 2,5-dimercapto-1,3,4-thiadiazole (made in Tokyo Chemicals) and 5.85 g 
of lithium hydroxide monohydrate were dissolved in 200 ml of water, and it was considered as A 
liquid. Independently, the iodine 16.9g and 33.9 g of lithium iodide dihydrate were dissolved in 400 ml 
of water, and it was considered as B liquid. Stirring A liquid, adding B liquid was continued and 
oxidative polymerization was performed. After having separated the generated precipitation, and 
hexane, acetone, and water having washed one by one and removing an unreacted material, vacuum 
drying was performed at 60 ** for 10 hours. Yield is 90% and output melted into neither water nor 
ethanol nor ether. Since it was meltable to these solvents in the monomer, it checked that output 
was a polymer. 5 g and 2 g of polytetrafluoroethylene (made by poly chlorofluocarbon F-104 Daikin 
Industries) are mixed in the polymer powder 1g of the 2,5-dimercapto-1,3,4-thiadiazole created by 
the above-mentioned method, and the end (made by graphitization gaseous phase method carbon 
fiber Showa Denko) of carbon powder, The lump of gum paste state was created with the mortar. 
This lump was ground and it was considered as positive electrode mixture. Pressing of 1 50 mg of 
this mixture was carried out into the positive electrode case using the metallic mold. Tetrafluoride 
lithium borate was dissolved in the mixed solvent of the volume ratio 1:1 of propylene carbonate and 
dimethoxyethane by 1 M concentration, and it was considered as the electrolysis solution. 
[0020]The coin type cell as shown in drawing 1 using an aforementioned anode, electrolysis solution, 
and Li metal negative electrode was constituted. As for a separator and 4, in drawing 1 , an anode 
and 2 are [ a gasket and 6 ] obturation boards a negative electrode and 5 a case and 3 1. When the 
cyclic test of charge and discharge was done for the above-mentioned cell between 3.5V and 2.65V 
by the constant current of 1 mA/cm 2 , the discharge curve which has flat discharge potential was 
obtained, early capacity was as high as 90% of the theoretical value, and 80% of capacity of initial 
capacity was maintained by the 50th time. When charge and discharge were repeated between 3.5V 
and 2.0V, early capacity was as high as 90% of the theoretical value, and 50% of capacity of initial 
capacity was maintained by the 50th time. 

[0021] [Working example 2] 10.0 g of thiocyanuric acid (made in Tokyo Chemicals) and 7.10 g of 
lithium hydroxide monohydrate were dissolved in 200 ml of water, and it was considered as A liquid. 
Independently, the iodine 21. 5g and 43.2 g of lithium iodide dihydrate were dissolved in 400 ml of 
water, and it was considered as B liquid. Stirring A liquid, adding B liquid was continued and oxidative 
polymerization was performed. After having separated the generated precipitation, and hexane, 
acetone, and water having washed one by one and removing an unreacted material, vacuum drying 
was performed at 60 ** for 1 0 hours. Yield is 90% and output melted into neither water nor ethanol 
nor ether. Since it was meltable to these solvents in the monomer, it checked that output was a 
polymer. 

[0022]5 g and 2 g of polytetrafluoroethylene (made by poly chlorofluocarbon F-104 Daikin 
Industries) were mixed in the homopolymer powder 1g of the thiocyanuric acid created by the 
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above-mentioned method, and the end (made by graphitization gaseous phase method carbon fiber 
Showa Denko) of carbon powder, and the lump of gum paste state was created with the mortar. This 
lump was ground and it was considered as positive electrode mixture. Pressing of 150 mg of this 
mixture was carried out into the positive electrode case using the metallic mold, and the same coin 
type cell as working example 1 was constituted. When the cyclic test of charge and discharge was 
done for this cell between 3.5V and 2.55V by the constant current of 1 mA/cm 2 , the discharge 
curve which has flat discharge potential was obtained, early capacity was as high as 70% of the 
theoretical value, and 56% of capacity of initial capacity was maintained by the 50th time. 
[0023] [Working example 3] 7.5 g of 2,5-dimercapto-1,3,4-thiadiazole (made in Tokyo Chemicals), 2.5 
g of thiocyanuric acid (made in Tokyo Chemicals), and 6.07 g of lithium hydroxide monohydrate were 
dissolved in 200 ml of water, and it was considered as A liquid. Independently, the iodine 18.4g and 
36.9 g of lithium iodide dihydrate were dissolved in 400 ml of water, and it was considered as B 
liquid. Stirring A liquid, adding B liquid was continued and oxidative polymerization was performed. 
After having separated the generated precipitation, and hexane, acetone, and water having washed 
one by one and removing an unreacted material, vacuum drying was performed at 60 ** for 1 0 
hours. Yield is 87% and output melted into neither water nor ethanol nor ether. Since it was meltable 
to these solvents in the monomer, it checked that output was a polymer. 5 g of 2,5-dimercapto- 
1,3,4-thiadiazole, the copolymer powder 1g of the mole ratio of 3:1 of thiocyanuric acid, and the end 
of carbon powder (made by graphitization gaseous phase method carbon fiber Showa Denko) and 
polytetrafluoroethylene (poly chlorofluocarbon .) which were created by the above-mentioned 
method F-104 The Daikin Industries make 2g was mixed and the lump of gum paste state was 
created with the mortar. This lump was ground and it was considered as positive electrode mixture. 
Pressing of 150 mg of this mixture was carried out into the positive electrode case using the 
metallic mold, and the coin type cell was constituted like working example 1 . 
[0024]When the cyclic test of charge and discharge was done for this cell between 3.5V and 2.55V 
by the constant current of 1 mA/cm 2 , the discharge curve which has flat discharge potential was 
obtained, early capacity was as high as 77% of the theoretical value, and 90% of capacity of initial 
capacity was maintained by the 50th time. 

[Working example 4] 8.33 g of 2,5-dimercapto-1,3,4-thiadiazole (made in Tokyo Chemicals), 1.67 g of 
thiocyanuric acid (made in Tokyo Chemicals), and 6.00 g of lithium hydroxide monohydrate were 
dissolved in 200 ml of water, and it was considered as A liquid. Independently, the iodine 18.2g and 
36.4 g of lithium iodide dihydrate were dissolved in 400 ml of water, and it was considered as B 
liquid. Stirring A liquid, adding B liquid was continued and oxidative polymerization was performed. 
[0025]After having separated the generated precipitation, and hexane, acetone, and water having 
washed one by one and removing an unreacted material, vacuum drying was performed at 60 ** for 
10 hours. Yield is 85% and output melted into neither water nor ethanol nor ether. Since it was 
meltable to these solvents in the monomer, it checked that output was a polymer. 5 g of 2,5- 
dimercapto-1 ,3,4-thiadiazole, the copolymer powder 1g of the mole ratio of 5:1 of thiocyanuric acid, 
and the end of carbon powder (made by graphitization gaseous phase method carbon fiber Showa 
Denko) and polytetrafluoroethylene (poly chlorofluocarbon .) which were created by the above- 
mentioned method F-104 The Daikin Industries make 2g was mixed and the lump of gum paste state 
was created with the mortar. This lump was ground and it was considered as positive electrode 
mixture. Pressing of 150 mg of this mixture was carried out into the positive electrode case using 
the metallic mold, and the coin type cell was constituted like working example 1. When the cyclic 
test of charge and discharge was done between 3.5V and 2.55V by the constant current of 1 
mA/cm 2 , the discharge curve which has flat discharge potential was obtained, early capacity was as 
high as 87% of the theoretical value, and 98% of capacity of initial capacity was maintained by the 
50th time. 

[0026] [Working example 5] 9.10 g of 2,5-dimercapto-1 ,3,4-thiadiazole (made in Tokyo Chemicals), 
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0.90 g of thiocyanuric acid (made in Tokyo Chemicals), and 5.72 g of lithium hydroxide monohydrate 
were dissolved in 200 ml of water, and it was considered as A liquid.Independently, the iodine 1 7.3g 
and 34.7 g of lithium iodide dihydrate were dissolved in 400 ml of water, and it was considered as B 
liquid. Stirring A liquid, adding B liquid was continued and oxidative polymerization was performed. 
After having separated the generated precipitation, and hexane, acetone, and water having washed 
one by one and removing an unreacted material, vacuum drying was performed at 60 ** for 10 
hours. Yield is 80% and output melted into neither water nor ethanol nor ether. Since it was meltable 
to these solvents in the monomer, it checked that output was a polymer. 5 g of 2,5-dimercapto- 
1,3,4-thiadiazole, the copolymer powder 1g of the mole ratio of 10:1 of thiocyanuric acid, and the 
end of carbon powder (made by graphitization gaseous phase method carbon fiber Showa Denko) 
and polytetrafluoroethylene (poly chlorofluocarbon F-104.) which were created by the above- 
mentioned method The Daikin Industries make 2g was mixed and the lump of gum paste state was 
created with the mortar. This lump was ground and it was considered as positive electrode mixture. 
Pressing of 150 mg of this mixture was carried out into the positive electrode case using the 
metallic mold, and the coin type cell was constituted like working example 1 . When the cyclic test of 
charge and discharge was done between 3.5V and 2.55V by the constant current of 1 mA/cm 2 , the 
discharge curve which has flat discharge potential was obtained, early capacity was as high as 82% 
of the theoretical value, and 95% of capacity of initial capacity was maintained by the 50th time. 
[0027] [Comparative example] 5 g and 2 g of polytetrafluoroethylene (made by poly chlorofluocarbon 
F-104 Daikin Industries) are mixed in the 2,5-dimercapto-1,3,4-thiadiazole (made in Tokyo 
Chemicals) powder 1g, and the end (made by graphitization gaseous phase method carbon fiber 
Showa Denko) of carbon powder, The lump of gum paste state was created with the mortar. This 
lump was ground and it was considered as positive electrode mixture. Pressing of 150 mg of this 
mixture was carried out into the positive electrode case using the metallic mold, and the coin type 
cell was constituted like working example 1 . When the cyclic test of charge and discharge was done 
between 3.5V and 2.55V by the constant current of 1mA[/cm ] 2 , in the first charge and discharge, 
the discharge curve which has flat discharge potential was obtained, but it became 1 0% of capacity 
of initial capacity by the 10th time. The above result was summarized in Table 1 and shown. While 
the charge and discharge in a high current are comparatively possible for the electrode by working 
example, its capacity factor is also high and the cycle life is also excellent, so that clearly from 
Table 1. 
[0028] 

[Table 1] 
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[0029]In working example, although metal lithium is used as a negative electrode of a rechargeable 
battery, the carbon compound negative electrode etc. which comprise a lithium alloy, carbon and Al 
powder, and solid electrolytes, such as Li-aluminum, can be used. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing of longitudinal section of the coin type cell of working example of this 
invention. 

[Description of Notations] 

1 Anode 

2 Case 

3 Separator 

4 Negative electrode 

5 Gasket 

6 Obturation board 
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DRAWINGS 



[Drawing 1] 
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